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Abstract

IRIG 106-86 Chapter 8 describes the standard for acquisition of MIL-STD-1553 traffic
flow. All incoming words (command, status, or data) are transmitted and fill words are
used to maintain continuous data output. If all incoming words are not needed, or if other
data such as sampled analog data from transducers are also to be transmitted, then a
different approach is warranted. Selected data from the avionics bus can be placed into
predefined PCM words, eliminating the transmission of useless data, and optimizing the
bandwidth available to a Class I telemetry system. The engineering considerations and
constraints for avionics bus data acquisition and analysis will be explored in this paper.
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Introduction

Avionic buses such as the MIL-STD-1553, ARINC 429, CSDB, and Panavia typically
already contain much data of interest to the instrumentation engineer. Other analog and
bilevel data must be acquired from various transducers aboard the aircraft. Therefore, a
system is needed to acquire avionics bus data and place it in a Class I IRIG PCM stream
along with multiplexed, digitized, analog and bilevel signals. The emphasis should be to
allow the ground station to handle the avionic bus data in a fashion similar to any sampled
transducer signals.



Data Selection

Data acquisition modules are available to “listen” to the various avionic buses. These
modules allow the user to monitor the bus with out taking an active role. A typical module
occupies approximately three cubic inches and monitors two avionics buses.

Table 1 illustrates the typical format of the various avionic buses. Note that all of the
avionic bus data word formats include an identifier (address, label, or tag) that describes
the type of information being provided. Typically, only a part of the total information
available on the bus is actually of interest to the telemetry engineer. In lieu of transmitting
all incoming bus words in accordance with IRIG 106-86 Chapter 8, a telemetry system
should allow the engineer to judiciously select identifiers and their associated data for
inclusion into a PCM stream. If the requirement is to re-create all bus activity, then direct
transmission (i.e., modemlike) of the bus without formatting into a IRIG PCM stream is a
much wiser approach. Avionic bus data is much easier to decode using standard bus
analyzers without the need to also decode the PCM format.

On the basis that only a portion of the total bus activity is required for inclusion in the
PCM stream, bus monitors allow the user to select a subset of identifiers and capture all
the data associated with them. If more identifiers need to be acquired from a bus than can
be obtained by a single module, multiple bus monitor modules can be attached to the bus.

Figure 1 illustrates a typical menu providing selection of 16 unique CSDB addresses
that can be acquired from two buses by a single bus monitor module.

Formatting

Once the bus information of interest has been identified, the telemetry engineer must
interject the data into the PCM stream.

As an example, let us evaluate a typical ARINC bus word. In a 12-bit Class I PCM
system, the complete ARINC bus word of 32 bits must be allocated amongst multiple
PCM words. This “parsing” or breaking apart should be programmable by the user in
order to most efficiently transmit the desired information. For example, ARINC label 3478
provides fuel flow data. The 12 bits of resolution are located in ARINC positions 11
through 22. The telemetry engineer can allocate all 12 bits of data to a single PCM word
(channel). This data can be directly and simply decoded with a standard Class I
decommutator. As illustrated in Figure 2, the telemetry engineer has the capability of
selecting all or any contiguous combination of bits for insertion into the PCM stream. In
this case, the ARINC label 347 , and the fuel flow data (12 bits) are each inserted into8
their own PCM word (Channel #1 and Channel #2, respectively). The extra 4 bits in
Channel #1 (the label only occupies 8 bits) are automatically padded with zeros.



Note that Figure 2 also shows the inclusion of the label (address) into a PCM word
(channel). This extra PCM word is not required to be put into the PCM stream. Since the
telemetry engineer has already defined the label of interest and allocated a word in a fixed
position in the PCM frame, the inclusion of the label is somewhat redundant. However, the
label may assist the telemetry engineer by acting as a marker in the frame.

CSDB and Panavia are handled in a fashion similar to that for the ARINC bus. The
engineer selects any contiguous group of bits from the data for inclusion in the PCM
stream.



Figure 1. CSDB Label Selection Menu

Figure 2. ARINC Formatting Menu

With the 1553 data bus, the rate and quantity of data are much greater than those of the
other avionics buses mentioned. In addition, since the 1553 bus is oriented toward 16-bit
words, a slightly different approach is used in formatting the data. Once an identifier
(Remote Terminal Address/Subaddress) has been specified, the engineer can select which



of the 16-bit words in the message are to be sampled. This selection can include the
command word, the status response, and any of up to thirty-two data words. The selected
words are then automatically parsed into two 8-bit syllables and each syllable is installed
into a PCM word

During formatting of any of the avionic bus data, other operations may be performed,
such as time-tagging the data, or integrating a fuel rate over time to obtain total fuel
consumed.

Data Integrity

Once the avionic bus data has been parsed and is available to be output into the PCM
stream, one must ensure that the data is not corrupted. A new sample of avionic bus data
should not inadvertently overwrite the prior sample before the sample is completely taken
by the PCM stream. That is, all of the PCM words associated with a particular bus sample
must remain time correlated. One simple technique to ensure that the data is not
overwritten is to allocate the parsed bus sample to a mapped dual port memory. The
memory can be partitioned such that all parsed syllables from one particular avionic
address are stored in one block. Prior to writing a new sample to the dual port memory, a
simple logic check of this block can determine if any of its syllables are being accessed by
the PCM stream. The new sample can be written to the dual port memory when the block
is available.

Concatenation

Many of the avionic bus packets contain information that is typically larger than the
standard PCM word size. The techniques of formatting the data that have been discussed
above do not directly address the issue of greater resolution of avionic bus data versus the
telemetry system. ARINC label 324  represents the pitch angle with 14 bits of resolution.8

In a 12-bit PCM system, the telemetry engineer could acquire only the most significant bits
of the data and reduce the resolution of the measurement. In lieu of reduced resolution, the
telemetry engineer could always convert the entire telemetry system to a Class II system
that could handle variable PCM word lengths. This revamping of the telemetry system may
not be a cost effective method. A new approach that stays within the confines of a Class I
telemetry system must be investigated. The 14 bits of data can be allocated amongst two
PCM words, as illustrated in Figure 3.



Figure 3. ARINC Label 324  Formatting8

The processing power of the analysis workstation may now be used to identify the
parsed ARINC data, and perform a concatenation (put the parsed bus data words back
together). This process is straight forward but requires some special processing. The
proper order of the channels must be known so that the channels associated with the time
correlated samples can be concatenated. A typical menu used to concatenate ARINC label
324  (pitch angle) is shown in Figure 4.8

Summary

The savings in telemetry bandwidth gained by selecting only those avionic bus words of
interest prior to insertion into the PCM stream is enormous. Unless one is trying to
recreate the entire bus activity, the transmission of useless data will artificially force
increased bit rates. Once data of interest has been identified, flexible programming of its
placement into the PCM stream permits the telemetry engineer to further optimize and
simplify the interpretation of the data. In addition, the use of an analysis workstation
designed to handle the concatenation of avionic bus data will improve the efficiency of the
telemetry system.



Figure 4. Concatenation Menu
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